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Introduction
Geographical proximity as well as historical evidence suggests that Western Europe and Central-East Europe are natural trading partners. Despite this, trade between the eastern and western parts of the European continent was suppressed by two restraints According to the so-called new-new trade theories based on firm heterogeneity in productivity and fixed cost of exporting (Melitz, 2003) , a reduction in trade costs will lead to an increase in trade in two margins: the number of traded varieties (extensive margin) and the average volume of trade (intensive margin). But not all new varieties traded are expected to be consumer goods; new intermediate inputs would be exported to countries producing the final good. Due to 'just in time' production processes, intermediates are more likely to be traded over short distances. The recently developed model by Baldwin and Venables (2010) shows how reductions in trade costs beyond a threshold can result in discontinuous changes in location, with a relocation of a wide range of production stages. The authors highlight that there have been important empirical studies charting the rise of trade in parts and components and that formal measurement has been problematic since trade data do not make clear what goods are inputs to other goods.
This study takes a step forward in this direction by examining the involvement of the CEECs into regional and global production networks on two different levels. First, we focus on the effects of trade costs reductions on production networks by examining the extensive and the intensive margin of trade. Second, we specifically analyze the effects of economic integration on trade in intermediate products. To this end we employ a theoretically justified gravity model, based on Helpman, Melitz and Rubinstein (2008) which incorporates the extensive margin of trade and accounts for firm heterogeneity. We first estimate the model with highly disaggregated trade data for CEECs imports of parts and components from OECD countries, and second, for CEECs exports of final goods to OECD countries over the period 1999 to 2009 and augment it by including a measure of imported intermediate products from OECD countries together with the usual control variables. Next, we estimate the model for each trade margin (extensive and intensive) separately by distinguishing also between final and intermediate goods. This way we are able to estimate the magnitude of the effect of the reduction in trade costs following the agreements for each trade margin and for each category of goods. The main novelty of this paper is that it specifically links parts and components with their corresponding final goods by using trade data disaggregated at the 5 digit Standard International Trade Classification (SITC) level, and it specifically estimates the effect that an increase in imports of intermediates has on exports of the corresponding final products. To our knowledge this has not been done previously.
Our results indicate that the CEECs have indeed become more integrated into regional (EU) production networks, which has increased trade volumes and trade varieties in both parts and components and final goods between the two parts of the European continent. Once we account for imported parts and components in the regression model where the dependent variable is the exports of final goods, the estimated effect of the CEECs accession into the EU on final goods' trade is considerably reduced. This indicates that part of this effect is in fact due to a more integrated production network that emerged as a consequence of the decline in transport costs.
The remainder of the paper is organized as follows. Section 2 provides a brief discussion of the related literature. Section 3 presents the model specification and discusses several estimation issues. Section 4 describes the data and presents the main results. The conclusions and policy implications are discussed in Section 5.
Theoretical Background and Literature Review
In recent years the economic literature has focused its attention on the importance of international supply changes for international trade and location of production. Within this stream of research, scholarly work on fragmentation of production and trade in parts and components has grown in volume and importance. This new trade that took place mainly within multinational enterprises (MNEs) led to the development of production networks 1 1 According to Sturgeon's definition, production networks represent "a set of inter-firm relationships that bind a group of firms into a larger economic unit" (Sturgeon, 2001). . Vertical fragmentation of production/distribution results in a reduction in production costs due to differences in factor prices in different locations (mainly labor 5 costs) and a reduction in service-link costs. All of these became possible by recent worldwide efforts to reduce trade impediments, to foster advances in information and telecommunication technologies and to reduce transportation costs. Due to the cost and unpredictable delays involved in intercontinental shipping, supply chains mainly developed at a regional level, rather than at a global level (Baldwin and Venables, 2010) .
The first large scale fragmentation of production developed in the 1980s was the Maquiladora program in Mexico that created 'twin plants' in the Mexico -US border region in order to take advantage of geographic proximity and large wage differences. At the same time and for the same reasons, unbundling of production took place in East Asia. Similarly, in Europe the unbundling process started with the accession of Spain and Portugal into the EU in 1986 and became intensified with the opening up of Central East Europe in the 1990s. Following the fall of the Iron Curtain in Central East Europe at the end of 1989, these countries engaged in a process of fundamental change of their economies from central planning to market type economies and closer integration with Western Europe. Trade became reoriented from the east to the west and has played, and continues to play an important role as the main engine for the growth of these economies.
Since the 1990's and even more so after accession into the EU, the CEECs have intensified their trade in parts and components with the EU as a result of international fragmentation of production (Kaminski and Ng, 2005; Zeddies, 2010) . Kaminski and Ng (2005) provide empirical support for the conclusion that the Central East European countries have become integrated into global, mainly EU-based networks of production and distribution. The authors further note that network related trade registered significant growth and underwent the following changes: simple assembly operations have been 6 replaced by processing and specialization in production of parts; the CEECs-10 2 Jones and Kierzkowski (1990) were the first to propose a theory that explains international production fragmentation based on differences in comparative advantage in different locations. According to the factor endowment theory also known as the Hecksher-Ohlin theory of international trade, more labor intensive stages of production will locate to labor abundant, lower wage countries, while more capital intensive stages of production will take place in capital abundant countries. However, based on the Ricardian theory, differences in labor skills among labor intensive countries imply that labor skills of one country may be more suitable for one stage of production process while labor skills of another country may be more suitable for another stage of production process. This means that a country does not have to have a comparative advantage in every stage of production, and a firm can take advantage of country-specific differences in resource endowments and productivities through vertical specialization. network firms have expanded beyond EU markets, and by 1999 the CEECs-10 have become a net exporter of network products and parts. Trade in parts and components for the OECD nations that include the CEECs-10 now accounts for approximately 30% of OECD's total trade (Yeats, 2001) .
From an empirical point of view and given the diversity of forms in which international fragmentation of production can take place, measurement of this phenomenon has been done using different indicators. First, production fragmentation by MNEs can be measured by the outward processing trade (OPT) statistics. OPT is a situation where phases of production of a firm's main manufacturing activities are shifted 7 abroad and products are exported for processing on a temporary basis, and then are reimported later. Since OPT data are collected for a specific type of international trade of goods, they tend to underestimate the extent of international fragmentation of production (Baldone et al., 2001) . Studies by Baldone et al. (2001) and Egger and Egger (2005) empirically analyzed outward processing trade for European countries.
A second form of measure of international fragmentation of production involves independent firms acting as a network. This is an example of vertical specialization that can be realized by market relationships without the participation of the principal company in the subcontractor's business activities. In this context, vertical specialization involves those imported goods that are inputs in the production of the country's export goods. In A number of studies used foreign trade statistics that classify goods in parts and components and finished products to measure vertical specialization Yeats, 2001, 2003; Yeats, 2001; Kaminski and Ng, 2001; Athukorala, 2006; Zeddies, 2010) .
This particular classification has been applied to a subset of products mainly machinery and equipment (SITC 7 and 8 categories). Data reported under the SITC 7 (the machinery and transport equipment sector) provide sufficient information to separate parts and 8 components and relate them to their final product. With SITC 8 product category (miscellaneous manufactured articles), data do not fully capture fragmentation as some components are recorded under other SITC categories. The examples are final products such as clothing and furniture. Our study uses data on final products and components from the SITC 7 and 8 categories (Revision 3). This latest revision has made the separation of final products and components easier than before. Using also trade statistics, Navaretti, Haaland and Venables (2002) assessed the extent of the EU involvement in global production networks. They found that the shares of parts and components in total EU manufacturing (both imports and exports) have grown for trade with all geographic areas over the period 1990-1997. The highest shares were for trade with North America and within the EU. However, within the EU, there has been significant growth of networking with Central East European countries following their gradual economic integration with Western Europe since 1989. According to the study, the shares of parts and components in total EU manufacturing by the Eastern European countries increased from 4.5% to 15.3% for exports and from 5.8% to 12.3% for imports between 1990 and 1997. The authors concluded that although high-income countries display a higher share of trade in parts and components with the EU than low-income countries, some of the less developed areas that are geographically close and integrated into the EU are increasing their involvement in global production networks.
Currently two published studies have used the standard gravity trade model to examine the main factors responsible for the growth of fragmentation of trade (Athukorala and Yamashita, 2006; Kimura et al., 2007) trade is increasing more rapidly than final-goods trade and there is higher dependence on this new kind of specialization in East Asia than in Europe and North America. They conclude that while international production fragmentation was a key factor ensuring the dynamism of the East Asian economies and increasing intra-regional economic ties, it has certainly not eliminated or even reduced this region's dependence on the world economy. Kimura et al. (2007) argue that different approaches are suitable for analyzing fragmentation and parts and components trade in East Asia than in Europe. The authors believe that the vertical fragmentation theory is well suited for explaining international production/distribution networks in East Asia while horizontal product differentiation models are better suited for intra-industry trade in Europe. Their study uses bilateral trade data for machinery for 56 countries and for the years 1987, 1995, and 2003 . Their estimation results are similar to those of Athukorola and Yamashita (2006) in that for both final goods and parts equations, the coefficients on the standard gravity variables are statistically significant and have the expected signs. There are differences however, in the signs of the coefficients on the income gap for East Asia (positive; large income gaps generate large flows of parts and components) and Europe (negative; small income gaps increase the incentives to trade parts and components). This result is highly consistent with the Asian model, where vertical division of labor driven by fragmentation prevails, and the European model, where horizontal product differentiation dominates. Our work builds on these two studies and uses the gravity model to examine the trade in parts and components and final goods between the CEECs and the OECD countries.
Data Description and Stylized Facts
Our study draws upon several data sources. The bilateral flows on external trade are from the European Commission's EUROSTAT data base. Based on the SITC Revision 3, and using a detailed level of desegregation (4-5 digit SITC), we identified parts and components and their corresponding final products within the machinery and transport equipment group (SITC 7) and miscellaneous manufacture articles group (SITC 8).
Items designated as 'part' or 'components' are taken as parts and components, while final goods are complements of corresponding parts and components. For example, 72591 and 72599 are defined as 'parts of the machinery of subgroup 7251 and 7252', and 7251 and 7252 represent 'paper-mill and pulp-mill machines, paper cutting machines and other machinery for the manufacturing of paper articles'. Our identification of parts and components follows work by Athukorala (2006) and Kimura et al. (2007) . We represent the trade in parts and components as imports of parts and components from the EU and the OECD countries to the CEECs, and trade in final goods as exports of final goods from the CEECs to the EU and the OECD countries. The list of countries as well as definitions of parts and final goods are provided in Tables A1 and A2 in the Appendix A. GDP data measured at current prices and expressed in millions of Euros are from the EUROSTAT's national accounts database, while data on population are from the OECD National Accounts Statistics. Information on country-pair specific variables such as distance between countries i and j, whether they have the same colonial origin, share a common border or share a common language are from the CEPII 3 . Additional covariates include controls for regional trading arrangement. The description of all variables is given in Table A3 in the Appendix A. Our sample consists of 32 countries (30 OECD members and Bulgaria and Romania) for which complete data were available over the period 1999 to 2009. Summary statistics of all the variables and correlations are shown in Table 1 . 
Empirical Analysis

Model Specification and main hypothesis
The theoretical foundations of fragmentation, discussed above, suggest that this phenomenon can be justified by any of the well-established trade theories. Therefore, we opted for using a gravity model of trade, which is nowadays the most commonly accepted framework for modeling bilateral trade flows (Anderson, 1979; Bergstrand, 1985; Anderson and van Wincoop, 2003; Helpman, Melitz, and Rubinstein, 2008) . According to the underlying theory, trade between two countries is explained by nominal incomes and the populations of the trading partners, by the distance between the economic centers of the exporter and the importer, and by a number of trade impeding and trade facilitating factors that capture whether the trading partners belong to the same regional integration agreements and whether they share a common language or a common border. Consistent with this approach, and in order to investigate the effect of production networks, we . Taking logarithms, we specify the augmented versions of models (1) and (2) Where L denotes variables in natural logarithms, CONTIG and LAND are dummy variables that take the value of 1 if the partner countries share a border or are landlocked respectively, and the other explanatory variables are described above. t φ are specific time 4 We also estimate the model in its original multiplicative form.
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effects that control for omitted variables common to all trade flows but which vary over time. ijk δ and ijk κ are trading-partner unobservable effects that proxy for multilateral resistance factors. When these effects are specified as fixed effects, the influence of the variables that are time invariant cannot be directly estimated. This is the case for distance; therefore, its effect is subsumed into the country dummies. Finally, ijkt η and ijkt υ are idiosyncratic error terms that are assumed to be well behaved.
With respect to the specification of the country-pair effects, we not only consider the usual fixed-versus-random-effects approach, but also a modification to the previous specification that includes country-and-time effects to account for time-variant, multilateral price terms, as proposed by Baldwin and Taglioni (2006) η are dyadic country-pair effects (specified as random in
Equations (7) and (9) and as fixed in equations (8) and (10)) to control for unobserved heterogeneity, and t ψ , t ϕ , φ t and ζ t denote time-specific effects.
The new variables, ω 1ijt and ω 2ijt are inverse functions of firm productivity. The error terms in all equations are assumed to be normally distributed. Clearly, the error terms in equations (7) and (8) and error terms in equations (9) and (10) are correlated.
Helpman et al. (2008) construct estimates of the ω ijt s using predicted components of Equation (7) Equations (7) and (9). We also decompose the bias and use the inverse Mills ratio as a proxy for sample selection and the linear prediction of exports and imports downweighted by their standard errors as proxies for firm heterogeneity ( ijt ω ), all obtained from Equations (7) and (9) 
Estimation Results
We first estimate the standard gravity models as specified in Eqs. (3) and (4) (2003)).
Restricting the analysis to within variation eliminates the bias due to unobserved heterogeneity that is common to each trading-pair.
5 A Hausman test indicates that the dyadic unobservable effects are correlated with the error term, hence the random effects approach, ignoring this correlation, leads to inconsistent estimators. The problem can be handled by using the fixed effects approach, which essentially eliminates the dyadic unobservable effects.
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The estimated increase without controlling for production networks is about 30 percent {exp[0.261]-1)*100}. Note: The dependent variable is bilateral imports of intermediates and bilateral exports of final goods measured at current prices; lyi and lyj are importers' and exporters' GDPs, respectively; lyhi and lyhj are importers' and exporters' GDPs per capita, respectively; ld is distance; lm are imports of intermediates; land, contig, eu and ceecs are dummies equal to 1 when countries are landlocked, share a border, or belong to the EU or to the group of CEECs, respectively. t-statistics constructed using robust standard errors are reported below each coefficient.
Since we have data for 2046 trading pairs over 11 years, we tested for the presence of autocorrelation and heteroskedasticity. Columns 3 to 6 in Table 2 show the results for disaggregated exports of final goods by the CEECs. We report both the OLS and the fixed effects results for two With respect to the imports of intermediate goods which is the second variable of interest, the estimated within-coefficient in column 6 is positive and statistically significant and it suggests that a ten-percent increase in imports is associated with a 1.57 percent increase in exports by the CEECs', holding other things unchanged. The effect is slightly lower compared to the OLS result in column 4 which is obtained without controlling for country-pair unobserved heterogeneity. Table 3 shows results for models that include not only country-pair fixed effects but also time-varying nation dummies (Equations 5 and 6). According to Baier and Bersgtrand (2007) and Baldwin and Taglioni (2006) , the estimates in Table 3 should be unbiased, since the multilateral price variables are correctly modeled. We use the twoway fixed effect within-estimator with robust standard errors and estimate Equations 5
and 6 for disaggregated imports of intermediates (column 2) and disaggregated exports of final goods (column 3). Compared with the results obtained in Table 2 (Model 6), the EU effect implies an increase in imports of parts by about 60{exp[0.471]-1)*100} percent after accession (compared to 28 percent according to Table 2 ). In addition, the coefficient on the EU for final goods is now slightly higher in magnitude but less statistically significant. It is significant at the 5 percent level when we consider one tail alternative. The effect of intermediate imports on exports of final goods is slightly lower than before, indicating that a 10 percent increase in imports of the corresponding intermediates increases final good exports by about 0.95 percent (instead of 1.57). Summarizing, controlling for multilateral resistance in the most recently recommended way indicates that there is a considerably larger EU effect for intermediates than for final goods and that the effect of production networks is still sizable.
To account for selection bias and firm heterogeneity (Helpman et al., 2008) , Table   4 Table 4 are comparable to those in column 2 in Table 3 . We observe that the total effect of an increase in imported intermediates on exports of final goods can now be divided into intensive margin effects (0.065) and extensive margin (0.027).
Therefore, the total effect of imports of intermediates on exports of final goods is around 0.092, whereas previously it was 0.095 (see Table 3 column 2). Hence, the total effect is very similar using two different estimation methods. Note: The dependent variables are the bilateral imports of intermediates and the bilateral exports of final goods measured at current prices; lyi and lyj are importers' and exporters' GDPs, respectively; lyhi and lyhj are importers' and exporters' GDPs per capita, respectively; ld is distance; lm are imports of intermediates; landj, contig, eu and cees are dummies equal to 1 when countries are landlocked, share a border, or belong to the EU or to the group of CEECs, respectively. t-statistics constructed using robust standard errors are reported below each coefficient.
With respect to the EU effect, we are now able to distinguish between the effect on the extensive margin of trade (new varieties traded) and the effect on the intensive margin (average quantity traded of existing varieties). The results in Table 4 indicate that there is a negative EU effect on the extensive margin of intermediates and final goods,
indicating that the probability of importing (exporting) from EU countries decreases after accession. However the EU effect on the intensive margin is now higher than before for 30 exports of final goods (those exports increase by about 94 percent with accession) and slightly lower for imports of intermediates (those imports increase by about 47 percent with accession). A possible explanation of the discrepancy with respect to results in Table   3 is that the Helpman et al. (2008) 
Conclusions
This paper presents evidence of the significant dynamism of the CEECs trade flows in the last decade. It shows that these economies have been very active and involved in production sharing networks, especially with EU countries. The CEECs have been able to increase their extensive and intensive margins of trade in parts and components and also in final goods. These countries appear to be an important destination for EU parts and components exports and have also improved their position as exporters of final goods.
Concerning the results of the extended gravity models, a number of conclusions follow. First, the accession of these countries to the EU has been a clear driving force behind this development. As predicted by trade theories, a reduction in the trade cost (associated with the integration process) has favored the segmentation of production 31 processes and led to a better exploitation of comparative advantages and location.
Second, integration into the EU has stimulated not only the exploitation of comparative advantages but also the production of new goods that were previously not produced.
Third, due to just in time production process, geographic proximity and sea access are also important determinants of trade in intermediate goods and their absence deters trade to a higher extent than in the case of final goods.
As further research it would be desirable to incorporate into the model elements such as infrastructure and communication networks that facilitate trade by allowing the continuity of the value chain. Photographic apparatus, equipment and supplies and optical goods, n.e.s; watches and clocks 88114, 88115, 88123, 88124, 88134, 88136, 8859 88111, 88113, 88121, 88122, 88131, 88132, 88133, 88135, 885 Optical goods, n.e.s 88422 88421
